Recrystallization of (E)-5-phenyl-1-(pyridin-2-yl)pent-2-en-4-yn-1-one at room temperature from ethylene glycol in daylight afforded [3,4-bis(phenylethynyl)cyclobutane-1,2-diyl)bis(pyridin-2-ylmethanone], C 32 H 22 N 2 O 2 (3), while (E)-5-(4-methylphenyl)-1-(pyridin-2-yl)pent-2-en-4-yn-1-one, C 17 H 13 NO (2), remained photoinert. This is the first experimental evidence that pentenynones can be photoreactive when fixed in nearly coplanar parallel positions. During the photoreaction, the bond lengths and angles along the pentenyne chain changed significantly, while the disposition of the pyridyl ring towards the keto group was almost unchanged. The cyclobutane ring adopts an rctt conformation.
Crystal structures of (E)-5-(4-methylphenyl)-1-(pyridin-2-yl)pent-2-en-4-yn-1-one and [3,4-bis-(phenylethynyl) Recrystallization of (E)-5-phenyl-1-(pyridin-2-yl)pent-2-en-4-yn-1-one at room temperature from ethylene glycol in daylight afforded [3,4-bis(phenylethynyl) cyclobutane-1,2-diyl)bis(pyridin-2-ylmethanone], C 32 H 22 N 2 O 2 (3), while (E)-5-(4-methylphenyl)-1-(pyridin-2-yl)pent-2-en-4-yn-1-one, C 17 H 13 NO (2), remained photoinert. This is the first experimental evidence that pentenynones can be photoreactive when fixed in nearly coplanar parallel positions. During the photoreaction, the bond lengths and angles along the pentenyne chain changed significantly, while the disposition of the pyridyl ring towards the keto group was almost unchanged. The cyclobutane ring adopts an rctt conformation.
Chemical context
Vinyl-substituted ketones are known to take part in photoinitiated reactions both in the solid state and in solution (Hopkin et al., 1991; Vatsadze et al., 2006) . Both trans-cis isomerization and [2 + 2] cycloaddition reactions can be observed depending on the nature of the substituents on the alkyl chain (Vatsadze et al., 2006) . Many of the compounds previously reported by us, including 1,5-diarylpentenynones (Golovanov et al., 2013; Vologzhanina et al., 2014; Voronova et al., 20161) and cyclic ketones with vinylacetylene fragments (Voronova et al., 2018) in crystals exhibit coplanar packing with a distance between the olefin fragments of less than 4.2 Å ; thus, they satisfy the Schmidt (1971) criteria for a solidstate [2 + 2] cycloaddition to occur. However, our numerous attepts to carry out [2 + 2] photocycloaddition in these compounds were unsuccessful. We aimed to synthesize pyridine-substituted representatives of this family in order to fix olefin fragments in photoreactive positions using hydrogen bonding or coordination bonding as described by Nagarathinam et al. (2008) . Two novel pyridine-2-yl-containing ketones, 1 and 2 (Scheme and Fig. 1 ), were synthesized as described below, and recrystallized from ethanol. Singlecrystal XRD data for 2 could only be obtained using synchrotron radiation, while we failed to obtain a crystal structure of 1 using single-crystal or powder X-ray diffraction. Recrystallization of 1 and 2 from ethylene glycol afforded, respectively, a dimerization reaction product, 3, and the initial solid phase. 
Structural commentary
The asymmetric unit of ketone 2 contains two independent molecules ( Fig. 1 ). Their conformations are very similar to each other as shown in Fig. 2 . Both molecules of 2 exhibit delocalization of charge density along the alkyl chain, as can be concluded from the bond lengths given in Table 1 , the single bonds between a double and a triple bond being much shorter than the average value of 1.53-1.54 Å for a C-C bond. The corresponding values for the C O ketone fragments in 3 are similar to those in 2, while the absence of double bonds along the alkyl chain causes shortening of the allyl bonds and elongation of single bonds. The bond lengths in the cyclobutane ring of 3 are unequal: those corresponding to a previously 'double' bond are characteristic of a C-C bond (ca 1.55 Å ), while the single bonds between two 'monomers' are elongated to 1.575 (2) Å . Only the rctt isomer of a 1,2,3,4-tetrasubstituted cyclobutane was obtained of four theoretically possible (based on XRD data). The conformations of the molecules of both 2 and 3 is probably affected by intramolecular C-HÁ Á ÁN contacts (Tables 2 and 3 ) involving the nitrogen atoms of the pyridine-2-yl rings and hydrogen atoms of ethenyl or cyclobutane moieties. The C-HÁ Á ÁN angle does not exceed 102
; however, such a mutual disposition of the conjugated pyridine ring and a double bond was found not only in 2 and 3, but also in previously reported pyridine-2-yl-containing chalcones. The chalcones in the Cambridge Structural Database (CSD, Version 5.40, update of November 2019; Groom et al., 2016) [ABADUE (Fun et al., 2011b) The molecular structure of 2 and 3, showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 50% probability level.
Table 1
Selected geometry parameters (Å , ) for 2 and 3.
The carbon atoms of the pentenynone fragment are numbered from 1 to 5. È 1 is the dihedral angle between the pyridine ring and the ketone fragment and È 2 is the dihedral angle between the pyridine and phenyl rings. al., 2013), AYUYOJ (Fun et al., 2011a) , BERXEC (Wang et al., 2004) , CIBYIY (Brennan et al., 2018) , COBJEJ (Prajapati et al., 2008) , ENINOG (Lee et al., 2016) , GARMAP (Fan & Wang, 2012) , IJUSAI (Jasinski et al., 2011) , IXOXOJ (Dudek et al., 2011) , LANTAY (Qian et al., 2017) , OGIZIP and VUZVET , PUKVEY (Rout & Mondal, 2015) , QEMJOK and QEMJUQ (Albaladejo et al., 2018) , SOXHAP (Lin et al., 2009) , TISCEF (Jayarama et al., 2013) and YUQTEK (Li et al., 2010) ] demonstrate similar conformations, but different crystal packing in the region of pyridyl ring. The majority of 1-phenyl-substituted chalcones and 1-phenyl-substituted pentenyn-1-ones also exhibit a nearly coplanar arrangement of the aryl and ketone fragments and thus no hindrance occurs between the hydrogen atoms of these fragments.
Supramolecular features
As the independent molecules of ketone 2 have similar conformations, their crystalline environment becomes of particular interest because it can rationalize why Z 6 ¼ 1. Previously, we found that the most abundant C-HÁ Á ÁO-bonded associates in the crystals of chalcones, polyenones and pentenynones include dimers, head-to-tail chains and zigzag C-HÁ Á ÁO chains with the most acidic proton of a molecule (Vologzhanina et al., 2014) . The two independent molecules of ketone 2 demonstrate two of these motifs (Fig. 3) . In the C-HÁ Á ÁO-connected dimers, r(CÁ Á ÁO) = 3.206 (3) Å , and in the head-to-tail chains r(CÁ Á ÁO) and r(CÁ Á ÁN) = 3.379 (2) Supramolecular aggregates in the crystals of 2 and 3. Hydrogen bonds are depicted by dashed lines.
Table 2
Hydrogen-bond geometry (Å , ) for (2). 
Table 3
Hydrogen-bond geometry (Å , ) for (3). that only one of two independent molecules in 2 forms headto-tail chains via a pair of intermolecular C-HÁ Á ÁO and C-NÁ Á ÁN bonds. None of the previously reported pyridine-2-ylcontaining chalcones nor 3 forms such associates. Instead, the nitrogen atoms interact with the hydrogen atoms of the alkyl and aryl groups. For example, in the crystal of 3, the hydrogen atoms of a pyridine-2-yl ring take part in C-HÁ Á ÁN interactions [ Fig. 3 , r(CÁ Á ÁN) = 3.445 (3)-3.665 (2) Å ]. Oxygen atoms take part in C-HÁ Á ÁO bonding with hydrogen atoms of the phenyl and pyridin-2-yl rings. In addition, in 2 and 3, numerous hydrophobic interactions can be found.
Synthesis and crystallization
The 5-phenyl-1-(pyridin-2-yl)pent-2-en-4-yn-1-one, 1, and 5-(4-methylphenyl)-1-(pyridin-2-yl)pent-2-en-4-yn-1-one, 2, were synthesized according to the previously described method (Golovanov et al., 2013) . Single crystals of 3 were grown from solution of 1 in ethylene glycol. The 1 H NMR spectrum indicates the presence of a mixture of reaction products and unreacted 1. Powder XRD indicated that the solid sample of the recrystallized ketone consisted of both 1 and 3, and thus solid 3 could not be characterized by other physicochemical methods. Recrystallization of 2 from ethylene glycol afforded 2 as obtained from XRD data.
For 1: yellowish needles, yield 61%, m.p. 348-351 K (from a mixture of water and ethanol). 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . Intensity data for 2 were collected at the K4.4 'Belok' beamline of the Kurchatov Synchrotron Radiation Source (NRC 'Kurchatov Institute', Moscow, Russia) at a wavelength of 0.80248 Å using a Rayonix CCD 165 detector. Image integration was performed using iMosflm software (Battye et al., 2011) . Hydrogen atoms were placed in calculated positions (0.95-1.00 Å ) and refined using a riding model, with U iso (H) = 1.2U eq (C). 
Computing details
Data collection: SAINT (Bruker, 2014) for (3). Cell refinement: APEX2 (Bruker, 2014) for (3); Marccd (Doyle, 2011) for (2). Data reduction: SAINT (Bruker, 2014) for (3); iMosflm (Battye et al., 2011) for (2). For both structures, program(s) used to solve structure: SHELXT (Sheldrick, 2015a ); program(s) used to refine structure: SHELXL (Sheldrick, 2015b); molecular graphics: OLEX2 (Dolomanov et al., 2009) ; software used to prepare material for publication: OLEX2 (Dolomanov et al., 2009) .
[3,4-Bis(phenylethynyl)cyclobutane-1,2-diyl]bis(pyridin-2-ylmethanone) (3)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Symmetry codes:
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
(i) x, −y+3/2, z+1/2; (ii) −x, −y+1, −z; (iii) x, y, z−1; (iv) −x+1, −y+1, −z+1.
(E)-5-(4-Methylphenyl)-1-(pyridin-2-yl)pent-2-en-4-yn-1-one (2)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Symmetry codes: (i) x, −y+1/2, z+1/2; (ii) −x, −y+1, −z; (iii) x, −y+1/2, z−1/2; (iv) −x+1, −y, −z+1.
